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FIREBALL CALCULATIONS - SHOT WRANGELL

1.0 INTRCDUCTION

Shot Wrangell was a 1500-foot balloon shot sponsored by LRL and
detonated on 22 October 1958 in Area B-Fa of the Nevada Test Site at
0850 PST.

The fireball yield was 67. 3 tons + 5.0 tons.

2.0 CAMERA INSTRUMENTATION AND OPERATION

Photographic coverage of fireball growth was provided by four
high-speed Eastman cameras, two each at Station F-362 {6 x 6 No. 2) and
Station F-369 (6 x 6 No. 3). In addition, two Rapatronic cameras were
Tocated at each of these stations to record early fireball growth.

Three Eastman cameras ;nd three Rapatronics provided good
records. The remaining Eastman and Rapatronic, because of
malfunctions, did not provide records suitable for analysis.

The station locatif)ns, togéther with fhe burst location, are shown
in Figure 1. Figure 2 contains th; Survey Data.

3.0 RESULTS

Application of phi-comparison (EG&G Report No. B- 1869)
for Shot Wrangell indicates a yield of 67.3 tons + 5.0 tons.

An air density of 1.057 gfams per liter was used in the yield
calculations, based on a pressure of 863 millibars, a temperature of
11.1°C, and a relaﬁve humidity of 13 percent at the height of the device

at shot time.




. The following table shows the Wrangell yield as cbtained by a

phi-comparison to various other low-yield devices:

Comparison Shot Wrangell Yield
' Tons
Air Drop
Wasp 66.74
Buster Baker | 62.41
Wasp' 66. 38
Ranger E : 63.56
Ranger A 66.73
Osage ‘ 71.64
Tower |
Hornet 64. 97'
Chaves 72.97
Rio Arriba 73.19
Quay o 64. 44
Humboldt 64.58
Balloon
Hidalgo . 66. 46

Lea 71.03

W = 67.3 tons

Diameter-time and phi-time plots are shown in Figures 3 and 4.




N
[ i

The following data sheets are included for each film:
(a) Photo Plan and Photo Loading Chart

v

(b) Camera Data and Calculation Sheet
\
(c) Diameter Measurement Sheet

(d) E-102 Print-Out Sheet of D, t, and 9

Appendix A contains photographic examples of early firetall growth.
The zero-frame times of the Eastman records were determined by

comparison with the Rapatronic diameter-time data.
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Table I
Hardtack Phas% 1I, Wrangell .

- Average Diameter vs. Time

Time (msec) Diameter (Meters)
0.5 19.5
1.0 25.0
1.5 29.0
2.0 | 32.0
2.5 34.0
3.0 36.0
3.5 37.5
4.0 . | 38.5
4.5 39.0
5.0 40.0
5.5 40.5
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CAMERA DATA & CALCULATIONS

e

s

e b

e = e — :
FILM NG. 605357 | STATION NO. 7 2%7 | TEST nesver,, CALCULATED BY:J=.

CAMERA NO. ©-30 | EQ. AP,

A (AIMING POINT)

DATE: /2/2/58

HORIZONTAL

' PROJECTION
CAMERA ST TTTTTTTTT *e
A. RYa=CBn cos a cos 8 + (Hg —Hc) sin B
a= 0°00’ B= 7°0z" He= 2577 /7
Cos a= /. 00000 - Cos B= g 99248 He= 3090 “
CBh= 3676.2m SinB= v./2225 AH= /287 //- 455 2 n
CBh Cos a COSB= 3428 6,» | AH sinB= J5. 5 » RYa= G70Z.7»

B.

FOCAL LENGTH <479.30 mn

C.

MAGNIFICATION FACTOR (meters /in.) /94 279

D. ZERO TIME CORRECTION .77 ssec e lay

-16-

EDGERTON, GERMESHAUSEN, & GRIER. ING.




CAMERA DATA & CALCULATIONS

FILM NO. ¢o5y,

i

STATION NO. 7 22 T TesT WRENGE 1 4 CALCULATED BY: ..

%

_GAMERA NO. 2- 72

EQ. AP,

T e e v e — —— s e

DATE: /2//

HORIZONTAL
PROJECTION

¥V ) T ————
ak'
4' S B

A. RY=CB) cos cos B + (Hg —Hc) sin B

az  0° 9o’

B= 7%02"

H

He= 4577 /¢

COS a= / ouoop

Cos B= . 9924 9

He= 3090 &+

CBhr= 5¢ 76.2 m

sin 8= o /R2 4

AH= 1297 /7 - 453 .2

CBh cos a cos =444, m

AHSINB= 555

RY%= (G707Z.7 ]

B. FOCAL LENGTH L72.03 mn

|

C.

MAGNIFICATION FACTOR

(meters /in.) /24 4,

D,

ZERO TIME CORRECTION 3. /7 moee Te/2 4y

-17-

EDGERTON, GERMESHAUSEM, 8 GRIER 1nn
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CAMERA DATA & CALCULATIONS

FILM KO. o5z 5

STATION NO. 747,

vem—————;
A

T ox

TESYT wesvees,

CALCLRATED BY: -,

CAMERA NO. <-4

EQ. AP.

A (AIMING POINT)

DATE: /2/2 /54

HORIZONTAL

: PROJECTION
CAMERA T TTTTTTTToo o *8

A. RYr=CBn cos a cos B + (Hg —Hg) sin B

az  9° oo’ B= /z2°0, 7 Hg= <45 77 4#

COS a= / 0oooo Cos B= g 975, He= 3078 # .
CBh= 2/28.2m SinB=0 2079, AH= /499 /=456, G0y
CBh Cos a cosB=2/0/.3 AHsInB= 25 o ., RYa= [Z79¢. 5 ~ ng
B. FOCAL LENGTH « ;7. g2 mm \
C. MAGNIFICATION FACTOR (meters /in.) //¢. 75

D.__ZERO TIME CORRECTION 5.0/ mse. 72,

EDGERTON, GERMESHAUSEN, & GRIER. 1Mo

-18-




1

CAMERA DATA & CALCULATIONS

@ . —

FILM NO. 6osv | STATION NO....%. 5| TEST wraveess CALCULATED BY:/=c¢

CAMERA NO. £ -4 | EQ. AP,

DATE: /2 /2/58

A {(AIMING POINT)

HORIZONTAL

B. FOCAL LENGTH &3.9/ »m» (ET/254)

: PROJECTION
CAMERA | *B

A. R%a=CBpn cos a cos B + (Hg —Hg) sin B _

az=  0°00’ B= sz2° 00’ Hg= 4577

COS a= /. gooaoo | cos B= 0. 978,85 He= 3078 ##

CBh= 2/48. 2 m sin B= 0. 2079/ AH= /299 /7 =456 Fm

CBpcosa CosB=2/0/.3m | AHSINB= 250 » R= 7723 - ]

I

- C.  MAGNIFICATION FACTOR (meters/in.) 872.9

D. ZERO TIME CORRECTION 0.20 mscc /2 frame

-19-

EDGERTON, GERMESHAUSEN, & GRIER, INC.
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DIAMETER MEASUREMENTS

SEOT WRANGELL

FIIM ro, 60545

Fr. No. Mag. D Dp. Dy D Dave (B) t (ms)
?:S XX
0 29. 00 0045 0048 T3, 70 20
1 0068 0066 | T 0. 60
2 0084 0080 o4 &3 1. 00
3 0093 0092 1 27 84| 1.39
4 0101 0101 3040 1.79
5 0108 0107 32, 36 2.19
6 0113 0114 34, 13 2.59
(i 0119 0118 b 2. 98
70
8 0124 0122 ‘ﬁ 3.38
9 0128 0125 39, 43 3.78
10 0132 0130 30. 43 4. 18
11 0132 0130 40 48 4,57
12 0135 0134 40 64 4. 97
13 0136 0134 5.37
—

READ BY JEC GGO TYPED BY

DATE 11/4/58 DATE

REMARKS :

-20-
~ EDCERTOY, CRrrErAveen

& GRIER, INC.




60545

FILM NoO.

FIREBALL CALCULATIONS
DATE
Int

WRANGFEI T
InD

SHOT
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CAMERA DATA & CALCULATIONS

—
FILM NG, sos24

STATION NO.._ 27 | TEST meowvecs,

e ———————— NN

CALCULATED BY:vec

CAMERA NO. £-25

EQ. AP.

DATE: /2/2/58

A {AIMING POINT)

HORIZONTAL

. PROJECTION
CAMERA *8
A. R%=CBp cos a cos 8 + {Hg —H¢) sin 8
a= o° oo’ B= /2° 00" Hg= 4577 2
CoO8 a= /. 00000 cos B= 0.978/5 He= 3078 #

CBp= 2/48. 2 m»

sin B= 0.2079/

AH= /499 /=454.9m

CBy Cosa COSB=2/0/.3 m

AHsinB= 95.0m

RY= B2 57 ]

B. FOCAL LENGTH /0.8 mm [ R4 547)

C. MAGNIFICATION FACTOR

(meters /in.) <47 ¢

D. ZERO TIME CORRECTION .0/ msec

0.0/ Frame

-29-

EDGERTON, GERMESHAUSEN, & GRIER, INC.




DIAMETER MEASUREMENTS

SHOT WRANGELL FIIM NO. 60544
— FLEXOWRIER
Fr. No. Mag. Dy Do Dy D Davg (8) t (ms)
' 3 xx |

0 48. 15 0090 0092 10. 36 0.01

1 0157 0157 ] 0.36

2 0197 0195 22,30 0.71

3 0235 0223 2249 1. 06

4 0247 0248 ;g GL(YI L. 42

5 0270 0266 - TN 1.177

6 0286 0287 YWY 2. 12

7 0305 0300 35 73 2.48

8 0316 0312 36, 02 2. 83

9 0315 0318 28 10 3.18

10 0320 0325 ; 3.54
READ BY JEC GGO TYPED DY
DATE 11/4/58 ) . DATE
REMARKS ¢

-23-
TOCEROY, CRRTATa N

& GRIER, INC.
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FIREBALL CALCULATIONS

WRANGELL 60544

SHOT FILM NO.

DATE

t InD int

-..N
o
-

1 s 23735 SOS00 . 1 SONE. ~%1730

36 288217 102159~ AE4L4EED 76390

71 210453 24253 - RT1I0F6 25574
106 3723871 SR z2 1C 23265 24603
142 3323820 5070 1150597 4487
177 ZA17 7L 57103 12 86804 far 71
212 7484733 75137 12 5C€03 24137
248 3 R3REE Qlr18 14 328C77 253975
223 2 R7605 104022 i5160z2 22t €8
718 2 RRA1S 113608 1582441 22676
=4 TAADCS 17F417  1£S8NNS ~p1 13

i
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CAMERA DATA 8 CALCULATIONS

——- r—— — —— e —
— —

= = = e = :
FILM NO. 60536 , | STATION NO.7- 242 , | TEST wesnses CALCULATED BY:Je ¢
GAMERA NO. £-34 | EQ. AP, DATE: /2/2/5%

A (AIMING POINT) .
HORIZONTAL

PROJECTION
CAMERA P ’*_‘a
;:A' R%A=CBp cos a cos B + (Hg —Hg) sin B _ |
ez 0°00’ B= 7° 02’ He= 4577 #
Co8 a= /. 00000 Cos B= 0, 99248 He= F050 £/
CBh=_ 3676.2 m SinB= 0./2245 AH= /487 7= 453 24 m
CBhCOSd COSB=34¢8_ém AH sinB= S5 5 m RO/‘= |3Z0¢'/”7 ]

B. FOCAL LENGTH /352.8 mm (RcS540)

——
——

C. MAGNIFICATION FACTOR (meters/in.) 4/5.7

D. ZERO TIME CORRECTION 0.40 msec (0.97 #7)
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 DIAMETER MEASUREMENTS

8B0T  WRANGELL ' FIIM NO., 60536’
A (o Az
Fr. No. Mag. Dy . D D3 D Davg () t (ms)
?:3 «XX
0 48. 15 0136 0139 17. 590 0. 40
1 0177 0178 [ 2270 0.80
2 0204 0207 26. 28 1.21
3 0227 0228 59. 10 1.81
4 0245 0248 KRR 2.02
5 0253 0261 ‘ 32,81 2. 42
6 0264 0264 T—itH 2. 82
7 0275 0274 173630 3.23
8 0284 © 0285 37 41 3.63
9 0292 0293 28 21 4, 04
10 0299 0300 38. 88 4. 44
11 ~ 0301 0307 39 .78 4. 85
12 0309 0313 40,39 5.25
13 0315 0316 : 5. 65
ﬂw

READ BY GGO JEC TYPED BY

DATE 11/4/58 ' DATE

REMARKS :
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FIREBALL CALCULATIONS

SHOT WRANGELL FILM NO. 60536
DATE

t InD Int %5 )
.40 2, RE7 29 01621 - [AO%164 Pa% 74
20 3122 20 22311~ G14€ 02 24313
121 226R 74 18056 1079205 247 =1
161 2 27070 47631 12008 P4 24051
2N 245004 70308 1324763 23200
2240 349258 B8R39 1424009 2052
2 o0 7 19 £0 103€68 1513276 22706
%21 7550 53 117249 15098790 21565
263 % 504736 1128929 16742739 21727
404 2 E0001 139632 17480093 21400
444 764578 149071 1R15%64 21103
475 T REQ 56 157900 1ReCe18 20E 74
s oS 268744 165820 1941155 ~C40z
=rs T ca767 172160 19958%¢5 P01 RS
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APPENDIX A
HARDTACK PHASE II, WRANGELL

PHOTOGRAPHIC EXAMPLES
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Camera: E-34

Station: F-362 (6 x 6 No. 2)

Time: 0.40 msec




Camera: R-30
Station: F-3€2 (6 x 6 No. 2)

Time: 0.49 msec
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Camera: E-25
Station: F-369 (6 x 6 No. 3)

Time: 0.71 msec
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Camera: E-34
Station: F-362 (6 x 6 No. 2)

Time: 0.80 msec
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Camera: E-2;5

Station: F-369 (6 x 6 No. 3)

Time: 1.42 msec







Camera: L-
Station: F-369 (6 x 6 No. 3)

’ Time: 2.48 msec




Camera;

Station:

Time:
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E-34
F-362 (6 x

3.63 msec

6 No. 2)




Camera: R-34
Station: F-362 (€ x 6 No.

Time: 3.17 msec
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R-4

Camera

3)

369 (6 x 6 No.

F

Station

07 msec

5

Time:
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Dr. G.W Johnson, Test Director

Dr. H B. Keller, LRL Test Group Director
Dr. W E Ogle, LASL Test Group Director
Dr. L..S Wouters, LRL

Dr. J F DMNullaney, Group J-10

D. W. King, ALC
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